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1
INTEGRATED FAN-OUT PACKAGE

CROSS-REFERENCE TO RELAYED
APPLICATION

This 1s a continuation application of and claims the
priority benelit of U.S. application Ser. No. 16/989,892, filed
on Aug. 11, 2020, now allowed. The U.S. application Ser.
No. 16/989,892 1s a continuation application of and claims
the priority benefit of U.S. application Ser. No. 16/396,794,
filed on Apr. 29, 2019, U.S. Pat. No. 10,770,402B2, 1ssued
on Sep. 8, 2020. The U.S. application Ser. No. 16/396,794
1s a divisional application of U.S. application Ser. No.
15/215,594, filed on Jul. 21, 2016 U.S. Pat. No. 10,276,
506B2, 1ssued on Apr. 30, 2019. The entirety of each of the

above-mentioned patent applications 1s hereby incorporated
by reference herein and made a part of this specification.

BACKGROUND

The semiconductor industry has experienced rapid growth
due to continuous improvements in the integration density of
various electronic components (1.e., transistors, diodes,
resistors, capacitors, etc.). For the most part, this improve-
ment 1n tegration density has come from repeated reduc-
tions 1n minimum feature size, which allows more of the
smaller components to be imntegrated into a given area. These
smaller electronic components also require smaller packages
that utilize less area than previous packages. Some smaller
types of packages for semiconductor components include
quad flat packages (QFPs), pin grid array (PGA) packages,
ball grid array (BGA) packages, and so on.

The signal performance (i1.e. Q-factor) and reliability of
the radio frequency integrated circuits (RF-ICs) are relevant
to the package design thereol. How to ensure the signal
performance and reliability of the RF-IC packages 1s an
important issue.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice 1n the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarty of
discussion.

FIGS. 1 through 11 schematically 1llustrate a process flow
for fabricating an integrated fan-out package in accordance
with some embodiments of the present disclosure.

FIG. 12 1s a cross-sectional view 1llustrating a package-
on-package (POP) structure in accordance with some
embodiments of the present disclosure.

FIG. 13 through 23 schematically illustrate a process flow
for fabricating an integrated fan-out package 1n accordance
with some alternative embodiments of the present disclo-
sure.

FIG. 24 1s a cross-sectional view 1llustrating a package-
on-package (POP) structure 1in accordance with some alter-
native embodiments of the present disclosure.

FIG. 25 1s a top view illustrating the dummy patterns in
accordance with some embodiments of the present disclo-
sure.

FIG. 26 1s a top view illustrating the dummy patterns in
accordance with some alternative embodiments of the pres-
ent disclosure.
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2
DETAILED DESCRIPTION

The following disclosure provides many different
embodiments, or examples, for implementing diflerent fea-
tures ol the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments 1n
which the first and second features are formed i1n direct
contact, and may also include embodiments 1n which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not in itsell dictate a relationship between
the various embodiments and/or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper’ and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation 1n addition to the orientation depicted 1n the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

Other features and processes may also be included. For
example, testing structures may be included to aid in the
verification testing of the 3D packaging or 3DIC devices.
The testing structures may include, for example, test pads
formed 1n a redistribution layer or on a substrate that allows
the testing of the 3D packaging or 3DIC, the use of probes
and/or probe cards, and the like. The verification testing may
be performed on intermediate structures as well as the final
structure. Additionally, the structures and methods disclosed
herein may be used 1n conjunction with testing methodolo-
gies that incorporate intermediate verification of known
good dies to increase the yield and decrease costs.

FIGS. 1 through 11 schematically illustrate a process flow
for fabricating an integrated fan-out package in accordance
with some embodiments of the present disclosure.

Referring to FIG. 1, a water W including a plurality of
integrated circuits 100 arranged 1 an array 1s provided.
Betore a wafer dicing process 1s performed on the waler W,
the integrated circuits 100 of the water W are connected one
another, as shown in FIG. 1. In some embodiments, each of
the integrated circuits 100 includes a semiconductor sub-
strate 110 and an 1nterconnection structure 120 disposed on
the semiconductor substrate 110. The semiconductor sub-
strate 110 may be a silicon substrate including active com-
ponents (e.g., transistors or the like) and passive components
(e.g., resistors, capacitors, inductors or the like) formed
therein. The interconnection structure 120 may include a
plurality of inter-dielectric layers 122 and a plurality of
conductive layers 124 stacked alternately. For example, the
inter-dielectric layers 122 may be silicon oxide layers,
silicon nitride layers, silicon oxy-nitride layers, or dielectric
layers formed by other suitable dielectric materials; and the
conductive layers 124 may be patterned copper layers or
other suitable patterned metal layers.

In some embodiments, each of the mtegrated circuits 100
may be a radio frequency integrated circuit (RF-IC) having
at least one antenna region A. As shown i FIG. 1, the
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interconnection structure 120 of each integrated circuit 100
includes an inductor L (e.g., antenna wirings) embedded
therein and a wiring-ifree dielectric portion B, the inductor L
1s covered by the wining-iree dielectric portion B of the
interconnection structure 120, and the antenna region A 1s
corresponding to a pre-determined area where the inductor
L (e.g., antenna wirings) 1s located. It 1s noted that there 1s
no conductive layer distributed withuin the wiring-free
dielectric portion B, and the conductive layers 124 are
distributed outside the wiring-iree dielectric portion B.

As shown in FIG. 1, the antenna region A of the integrated
circuit 100 includes the wiring-free dielectric portion B and
the inductor L underneath, and the wiring-free dielectric
portion B ensures the signal performance of the inductor L
in the radio frequency integrated circuits (RF-1Cs) 100.

Referring to FIG. 2, a plurality of conductive pillars or
conductive vias 130 are formed on the water W, the con-
ductive pillars or conductive vias 130 may be formed by
plating process. In some embodiments, a seed layer (e.g.,
T1/Cu seed layer) may be sputtered on the water W first, and
then a patterned photoresist 1s formed on the seed layer. The
waler having the seed layer and the patterned photoresist 1s
immersed into a plating bath such that the conductive pillars
or conductive vias 130 are plated onto part area of the seed
layer that 1s exposed by the patterned photoresist. After the
conductive pillars or conductive vias 130 1s plated onto the
exposed seed layer, the patterned photoresist 1s removed.
Thereatter, the seed layer 1s patterned by using the conduc-
tive pillars or conductive vias 130 as a hard mask. In some
embodiments, the conductive pillars or conductive vias 130
may be copper pillars or other suitable metallic pillars.

In some embodiments, a plurality of conductive pads (not
shown 1n FI1G. 2) for chip probing process may be optionally
formed before the formation of the conductive pillars or
conductive vias 130. For example, the conductive pads for
chip probing process are aluminum pads or other suitable
metallic pads.

As shown 1 FIG. 2, after the conductive pillars or
conductive vias 130 are formed, a protection layer 140 1s
formed on the water W to encapsulate the conductive pillars
or conductive vias 130. The conductive pillars or conductive
vias 130 are not revealed and are protected by the protection
layer 140. The protection layer 140 may be a polyimide (PI)
layer, a polybenzoxazole (PBO) layer, or other suitable
polymer (or organic) layer.

After the protection layer 140 1s formed, a back side
orinding process of the waler W may be optionally per-
formed such that the water W 1s thinned to have a reduced
thickness. During the back side grinding process of the
waler W, the conductive pillars or conductive vias 130 are
protected by the protection layer 140aq from damage.

Referring to FIG. 3, a waler dicing process or a waler
singulation process 1s performed along the scribe line SL
such that the wafter W 1s singulated into a plurality of
integrated circuits 100a. Each one of the singulated inte-
grated circuits 100a includes a semiconductor substrate
110a, an interconnection structure 120a disposed on the
semiconductor substrate 110a, the conductive pillars or
conductive vias 130, and a protection layer 140a. The
protection layer 140a covers the interconnection structure
120a. The conductive pillars or conductive vias 130 are
encapsulated by the protection layer 140a. During the water
dicing process, the conductive pillars or conductive vias 130
are protected by the protection layer 140a from damage. As
shown 1n FIG. 3, each integrated circuit 100a includes at
least one antenna region A, the interconnection structure
120a of the integrated circuit 100a includes an inductor L
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(c.g., antenna wirings) embedded therein and a wiring-free
dielectric portion B, the inductor L 1s covered by the
wiring-iree dielectric portion B of the interconnection struc-
ture 120a, and the antenna region A 1s corresponding to a
pre-determined area where the inductor L (e.g., antenna
wirings) 1s located.

Referring to FI1G. 4, a carrier C having a de-bonding layer
DB and a dielectric layer DI formed thereon 1s provided,
wherein the de-bonding layer DB 1s between the carrier C
and the dielectric layer DI. In some embodiments, the carrier
C 1s a glass substrate, the de-bonding layer DB 1s a light-
to-heat conversion (LTHC) release layer formed on the glass
substrate, and the dielectric layer DI 1s a polybenzoxazole
(PBO) layer formed on the de-bonding layer DB, ifor
example. After the carrier C having the de-bonding layer DB
and the dielectric layer DI formed thereon 1s provided, a
plurality of conductive through sulator vias TIV are
formed on the dielectric layer DI. In some embodiments, the
plurality of conductive through insulator vias TIV 1s formed
by photoresist coating, photolithography, plating, and pho-
toresist stripping process. For example, the conductive
through insulator vias TIV include copper posts or other
suitable metal posts.

As shown 1n FIG. 4, 1n some embodiments, one of the
singulated integrated circuit 100a including the conductive
vias 130 distributed thereon 1s picked and placed on the
dielectric layer DI. The mtegrated circuit 100« 1s attached or
adhered on the dielectric layer DI through a die attachment
film (DAF), an adhesion paste or the like. In some alterna-
tive embodiments, two or more integrated circuits 100a are
picked and placed on the dielectric layer DI, and the
integrated circuits 100a placed on the dielectric layer DI
may be arranged in an array. When the integrated circuits
100a placed on the dielectric layer DI are arranged in an
array, the conductive through insulator vias TIV may be
classified into groups, and each of the integrated circuits
100q 1s corresponding to and 1s surrounded by one group of
the through insulator vias TIV, respectively. The number of
the mtegrated circuits 100q 1s corresponding to the number
of the groups of the conductive through insulator vias TIV.

As shown 1n FIG. 4, the mtegrated circuit 100q 1s picked
and placed on the dielectric layer DI after the formation of
the conductive through insulator vias TIV. However, the
disclosure 1s not limited thereto. In some alternative embodi-
ments, the itegrated circuit 100a 1s picked and placed on
the dielectric layer DI before the formation of the conductive
through insulator vias TIV.

Referring to FIG. 5, an msulating material 210 1s formed
on the dielectric layer DI to cover the integrated circuit 100a
and the conductive through insulator vias TIV. In some
embodiments, the insulating material 210 1s a molding
compound formed by a molding process. The conductive
vias 130 and the protection layer 140aq of the integrated
circuit 100q are covered by the insulating material 210. In
other words, the conductive vias 130 and the protection layer
140a of the integrated circuit 100a are not revealed and are
protected by the insulating material 210. In some embodi-
ments, the insulating material 210 includes epoxy or other
suitable dielectric materials.

Referring to FIG. 6, the msulating material 210 1s then
grinded until the top surfaces of the conductive vias 130 and
the top surface of the protection layer 140q are exposed. In
some embodiments, the insulating material 210 1s grinded
by a mechanical grinding process and/or a chemical
mechanical polishing (CMP) process. After the insulating
material 210 1s grinded, an insulating encapsulation 210" 1s
formed over the dielectric layer DI. During the grinding
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process of the insulating material 210, parts of the conduc-
tive vias 130 and parts of the protection layer 140a are
grinded until the top surfaces of the conductive vias 130 are
exposed. After grinding process of the insulating material
210 1s performed, a grinded protection layer 1404' are
formed. In some embodiments, during the grinding process
of the insulating maternial 210, parts of the conductive
through insulator vias TIV are grinded also.

As shown in FIG. 6, the msulating encapsulation 210’
encapsulates the sidewalls of the integrated circuit 100a, and
the msulating encapsulation 210" 1s penetrated by the con-
ductive through insulator vias TIV. In other words, the
integrated circuit 100a and the conductive through 1nsulator
vias TIV are embedded 1n the 1nsulating encapsulation 210",
It 1s noted that the top surfaces of the conductive through
insulator vias TIV, the top surface of the insulating encap-
sulation 210", and the top surfaces of the conductive vias 130
are substantially coplanar with the top surface of the pro-
tection layer 140qa’.

Referring to FIG. 7, after the insulating encapsulation 210
and the protection layer 1404' are formed, a redistribution
circuit structure 220 electrically connected to the conductive
vias 130 of the integrated circuit 100q 1s formed on the top
surfaces of the conductive through insulator vias T1V, the top
surface of the msulating encapsulation 210", the top surfaces
of the conductive vias 130, and the top surface of the
protection layer 1404'. The redistribution circuit structure
220 1s described 1n accompany with FIG. 7 1n detail.

As shown 1n FIG. 7, the redistribution circuit structure
220 1includes a plurality of dielectric layers 222 and a
plurality of redistribution conductive layers 224 stacked
alternately, and the redistribution conductive layers 224
include a plurality of redistribution wirings 224W. The
redistribution wirings 224 W of the redistribution conductive
layers 224 are electrically connected to the conductive vias
130 of the integrated circuit 100a and the conductive
through 1nsulator vias TIV embedded in the insulating
encapsulation 210'. The redistribution circuit structure 220
includes a wiring-iree dielectric portion C, and the wiring-
free dielectric portion C entirely covers the antenna region
A of the integrated circuit 110a. The wiring-free dielectric
portion C of the redistribution circuit structure 220 entirely
covers the antenna region A of the integrated circuit 110a
and 1s located above the inductor L. In other words, the
wiring-iree dielectric portion B of the interconnection struc-
ture 120q 1s between the wiring-free dielectric portion C of
the redistribution circuit structure 220 and the inductor L of
the integrated circuit 110aq. It 1s noted that there 1s no
redistribution conductive layer distributed within the wiring-
free dielectric portion C, and the redistribution conductive
layers 224 are distributed outside the wiring-iree dielectric
portion C.

In some embodiments, the top surfaces of the conductive
vias 130 and the top surfaces of the conductive through
insulator vias TIV are in contact with the redistribution
circuit structure 220. The top surfaces of the conductive vias
130 and the top surfaces of the conductive through insulator
vias TIV are partially covered by the bottommost dielectric
layer 222.

Referring to FIG. 8, after the redistribution circuit struc-
ture 220 1s formed, a plurality of pads 230 are then formed
on the topmost redistribution conductive layer 224 of the
redistribution circuit structure 220. The pads 230 include a
plurality of under-ball metallurgy (UBM) patterns for ball
mount. The pads 230 are electrically connected to the
topmost redistribution conductive layer 224 of the redistri-
bution circuit structure 220. In other words, the pads 230 are
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clectrically connected to the conductive vias 130 of the
integrated circuit 100a and the conductive through 1nsulator
vias TIV through the redistribution circuit structure 220. It
1s noted that the number of the pads 230 1s not limited 1n this
disclosure. As shown 1n FIG. 8, there 1s no UBM pattern or
pad distributed on the wiring-free dielectric portion C of the
redistribution circuit structure 220.

Since an empty region including the wiring-free dielectric
portion B of the interconnection structure 120a and the
wiring-iree dielectric portion C of the redistribution circuit
structure 220 1s formed above the inductor L, the signal
performance (1.e. Q-factor) and reliability of the radio fre-
quency integrated circuits (RF-ICs) 100a are enhanced.
Furthermore, since there 1s no UBM pattern and the con-
nection pad distributed above the empty region, the signal
performance (1.e. Q-factor) and rehability of the radio ire-
quency integrated circuits (RF-1Cs) 100a are ensured.

Referring to FIG. 9, after the pads 230 are formed, a
plurality of conductive terminals are formed. In some
embodiments, the conductive terminals include a plurality of
conductive balls 240. The conductive balls 240 are placed on
the pads 230. In some embodiments, the conductive balls
240 may be placed on the pads 230 by a ball placement
Process.

Referring to FIG. 9 and FIG. 10, after the conductive balls
240 are mounted on the pads 230, the dielectric layer DI
formed on the bottom surface of the imnsulating encapsulation
210" 1s de-bonded from the de-bonding layer DB such the
dielectric layer DI 1s separated from the carrier C. In some
embodiments, the de-bonding layer DB (e.g., the LTHC
release layer) may be irradiated by an UV laser such that the
dielectric layer DI 1s peeled from the carrier C.

As shown i FIG. 10, the dielectric layer DI 1s then
patterned such that a plurality of contact openings O are
formed to expose the bottom surfaces of the conductive
through insulator vias TIV. The number and position of the
contact openings O are corresponding to the number of the
conductive through insulator vias TIV. In some embodi-
ments, the contact openings O of the dielectric layer DI are
formed by a laser drilling process or other suitable pattern-
INg pProcesses.

Retferring to FIG. 11, after the contact openings O are
formed 1n the dielectric layer DI, a plurality of conductive
balls 260 are placed on the bottom surfaces of the conductive
through insulator vias TIV that are exposed by the contact
openings O. And, the conductive balls 260 are, for example,
reflowed to bond with the bottom surfaces of the conductive
through insulator vias TIV. As shown 1n FIG. 11, after the
conductive balls 240 and the conductive balls 260 are
formed, an integrated fan-out package of the integrated
circuit 100 having dual-side terminal design (1.e. the con-
ductive balls 240 and 260) 1s accomplished.

FIG. 12 1s a cross-sectional view illustrating a package-
on-package (POP) structure in accordance with some
embodiments of the present disclosure. Referring to FIG. 12,
another package 300 1s then provided. The package 300 1s,
for example, a memory device or other suitable semicon-
ductor devices. The package 300 1s stacked over and 1is
clectrically connected to the integrated fan-out package
illustrated 1n FIG. 11 through the conductive balls 260 such
that a package-on-package (POP) structure 1s fabricated.

FIG. 13 through 23 schematically 1llustrate a process flow
for fabricating an integrated fan-out package 1n accordance
with some alternative embodiments of the present disclo-
sure; and FIG. 24 1s a cross-sectional view illustrating a
package-on-package (POP) structure in accordance with
some alternative embodiments of the present disclosure.




US 11,854,993 B2

7

Referring to FIGS. 13 through 24, the process flow for
tabricating an integrated fan-out package 1s similar with that
illustrated i FIGS. 1 through 12 except for the fabrication
ol a redistribution circuit structure 220a. Since the process
flow for fabricating an integrated fan-out package 1s similar

with that illustrated in FIGS. 1 through 12, the detailed
descriptions of FIGS. 13 through 18 and FIGS. 20 through
24 are thus omitted. The description regarding to the redis-
tribution circuit structure 220q 1s described 1n accompany

with FIG. 19.

Referring to FIG. 19, after the insulating encapsulation
210" and the protection layver 140aq' are formed, a redistri-
bution circuit structure 220a electrically connected to the
conductive vias 130 of the integrated circuit 100q 1s formed
on the top surfaces of the conductive through 1nsulator vias
T1V, the top surface of the msulating encapsulation 210", the
top surfaces of the conductive vias 130, and the top surface
of the protection layer 140q’.

As shown 1n FIG. 19, the redistribution circuit structure
220a 1includes a plurality of dielectric layers 222 and a
plurality of redistribution conductive layers 224 stacked
alternately. The redistribution conductive layers 224 include
a plurality of redistribution wirings 224W and a plurality of
dummy patterns 224D located above the antenna region A.
In other words, the dummy patterns 224D are located above
the wiring-iree dielectric portion B of the interconnection
structure 120a, and the dummy patterns 224D of the redis-
tribution conductive layers 224 are electrically tloated. The
signal performance (1.e. Q-factor) of the integrated circuit
110a 1s not sigmificantly aflected by the floated dummy
patterns 224D. The redistribution wirings 224W of the
redistribution conductive layers 224 are electrically con-
nected to the conductive vias 130 of the integrated circuit
100a and the conductive through 1nsulator vias TIV embed-
ded 1n the insulating encapsulation 210"

FIG. 25 15 a top view illustrating the dummy patterns in
accordance with some embodiments of the present disclo-
sure, and FIG. 26 1s a top view 1illustrating the dummy
patterns i1n accordance with some alternative embodiments
of the present disclosure.

Referring to FIG. 19 and FIG. 25, the dummy patterns
224D are 1solated patterns formed between the dielectric
layers 222. In other words, the dummy patterns 224D are
formed by different thin film processes and are arranged at
different level heights. The dummy patterns 224D arranged
at diflerent level heights are spaced by the dielectric layers
222. For example, the dummy patterns 224D may include
two or more stacked conductive layers.

In some embodiments, the dummy patterns 224D are of
square shape, rectangular shape, polygon shape, circle
shape, or other suitable shape. Taking the rectangular shaped
dummy patterns 224D as an example, the side length X and
the side length Y of the rectangular shaped dummy patterns
224D ranges from about 10 micrometers to about 50
micrometers, and the spacing S1 and S2 between the adja-
cent dummy patterns 224D arranged at the same level height
ranges from about 10 micrometers to about 50 micrometers,
for example. The dummy patterns 224D arranged at different
level heights are overlapped along 1n the thickness direction
ol the redistribution circuit structure 220a, and the overlap-
ping arcas may be 10% to 90% of the area of the dummy
patterns 224D, for example. Each overlapping area 1s of
rectangular shape, and the side length X1 and the side length
Y1 of the overlapping area ranges from about 5 micrometers
to about 20 micrometers, for example. The overlapping
areas are not limited to be of rectangular shape, the shaped
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of the overlapping arecas may be square shape, polygon
shape, circle shape, or other suitable shape.

Referring to FIG. 19 and FIG. 26, 1n some alternative
embodiments, the dummy patterns 224D are, for example, a
plurality of mesh patterns which are electrically insulated
from one another.

The dummy patterns 224D are uniformly distributed
above the antenna region A and capable of providing good
topography of the redistribution circuit structure 220a. Fur-
thermore, the signal performance (1.e. Q-factor) of the
integrated circuit 110q 1s not significantly affected by the
floated dummy patterns 224D.

In the above-mentioned embodiments as illustrated 1n
FIGS. 1 to 24, the integrated fan-out packages for RF-ICs
having good signal performance (1.e. Q-factor) and reliabil-

ity are disclosed.

According to some embodiments, an integrated fan-out
package including an integrated circuit, an msulating encap-
sulation, and a redistribution circuit structure i1s provided.
The integrated circuit includes an antenna region. The
insulating encapsulation encapsulates the integrated circuit.
The redistribution circuit structure 1s disposed on the inte-
grated circuit and the msulating encapsulation. The redistri-
bution circuit structure 1s electrically connected to the inte-
grated circuit, and the redistribution circuit structure
includes a redistribution region and a dummy region includ-
ing a plurality of dummy patterns embedded therein,
wherein the antenna region includes an inductor and a
wiring-iree dielectric portion, and the wiring-free dielectric
portion of the antenna region 1s between the inductor and the
dummy region.

According to some alternative embodiments, an 1inte-
grated fan-out package including an integrated circuit, an
insulating encapsulation, and a redistribution circuit struc-
ture 1s provided. The integrated circuit includes a semicon-
ductor substrate and an interconnection structure covering
the semiconductor substrate. The mnsulating encapsulation
encapsulates the mtegrated circuit. The redistribution circuit
structure 1s disposed on the integrated circuit and the 1nsu-
lating encapsulation. The redistribution circuit structure is
clectrically connected to the integrated circuit, and the
redistribution circuit structure includes a dummy region
including a first dielectric stack and dummy patterns dis-
tributed 1n the first dielectric stack. The interconnection
structure includes an inductor and a wiring-free dielectric
portion. The wiring-free dielectric portion includes a plu-
rality of dielectric layers having no conductive layer dis-
tributed therein, the inductor 1s sandwiched between the
wiring-iree dielectric portion and the semiconductor sub-
strate, and the topmost dielectric layer among the dielectric
layers 1s 1n contact with the wiring-iree dielectric portion.

According to some alternative embodiments, an 1inte-
grated fan-out package including an integrated circuit, an
insulating encapsulation, and a redistribution circuit struc-
ture 1s provided. The mtegrated circuit includes an antenna
region. The nsulating encapsulation encapsulates the inte-
grated circuit. The redistribution circuit structure 1s disposed
on the mtegrated circuit and the insulating encapsulation,
and the redistribution circuit structure 1s electrically con-
nected to the integrated circuit. The redistribution circuit
structure includes a plurality of dielectric layers and a
plurality of redistribution conductive layers stacked alter-
nately. The redistribution conductive layers include a plu-
rality of redistribution wirings and a plurality of dummy
patterns, and the dummy patterns are located above the
antenna region.
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The foregoing outlines features of several embodiments
so that those skilled 1n the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A structure, comprising:

an integrated circuit comprising stacked first dielectric

layers and antenna wirings covered by the stacked {first
dielectric layers, wherein a first wiring-iree portion of
the stacked first dielectric layers 1s free of conductive
layer; and

an isulating encapsulation encapsulating the integrated

circuit.

2. The structure as claimed in claim 1, wherein the first
wiring-iree portion of the stacked first dielectric layers 1s in
directly contact with the antenna wirings.

3. The structure as claimed 1n claim 1 further comprising
a redistribution circuit structure disposed on the integrated
circuit and the insulating encapsulation, wherein the first
wiring-free portion of the stacked first dielectric layers 1s
between the antenna wirings and the redistribution circuit
structure.

4. The structure as claimed 1n claim 2, wherein the
redistribution circuit structure further comprises dummy
patterns disposed on the first wiring-free portion of the
stacked first dielectric layers, and the dummy patterns are
spaced apart from the antenna wirings by the first wiring-
free portion of the stacked first dielectric layers.

5. The structure as claimed 1n claim 4, wherein the
redistribution circuit structure further comprises redistribu-
tion wirings electrically insulated from the dummy patterns.

6. The structure as claimed in claim 5, wherein the
redistribution wirings are electrically connected to the inte-
grated circuit, and the dummy patterns are electrically
floated.

7. The structure as claimed 1n claim 2, wherein the
redistribution circuit structure further comprises:

stacked second dielectric layers, the stacked second

dielectric layers comprising a second wiring-ifree por-
tion, and the second wiring-iree portion being free of
conductive layer; and

redistribution wirings embedded in the stacked second

dielectric layers, wherein the stacked second dielectric
layers are distributed outside the second wiring-iree
portion of the stacked second dielectric layers.

8. The structure as claimed 1n claim 7, wherein the second
wiring-iree portion of the redistribution circuit structure 1s
disposed on the first wiring-iree portion of the stacked first
dielectric layers.

9. A structure, comprising;

an 1ntegrated circuit comprising a first dielectric stack and

an antenna covered by of the first dielectric stack, and
the first dielectric stack 1s absent of conductive layer;
and

an insulating encapsulation laterally encapsulating the

integrated circuit.
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10. The structure as claimed 1n claim 9, wherein the
integrated circuit comprises stacked first dielectric layers
and interconnect wirings between the stacked first dielectric
layers, the first dielectric stack absent of conductive layer 1s
a portion of the stacked first dielectric layers, and the
interconnect wirings are distributed outside the first dielec-
tric stack.

11. The structure as claimed 1n claim 9 further comprising
a redistribution circuit structure disposed on the integrated
circuit and the insulating encapsulation, the redistribution
circuit structure comprising a second dielectric stack absent
of conductive layer, and the second dielectric stack covers
the first dielectric stack.

12. The structure as claimed 1n claim 11, wherein the
redistribution circuit structure further comprises stacked
second dielectric layers and redistribution wirings between
the stacked second dielectric layers, the second dielectric
stack absent of conductive layer 1s a portion of the stacked
second dielectric layers, and the redistribution wirings are
distributed outside the second dielectric stack.

13. The structure as claimed in claim 11, wherein an
interface between the first dielectric stack and the second
dielectric stack 1s absent of conductive layer.

14. A structure, comprising:

an mtegrated circuit comprising a dielectric stack and an

antenna covered by a portion of the dielectric stack, and
the portion of the dielectric stack 1s absent of conduc-
tive layer; and

an 1insulating encapsulation laterally encapsulating the

integrated circuit; and

a redistribution circuit structure disposed on the integrated

circuit and the msulating encapsulation, the redistribu-
tion circuit structure comprising dummy patterns and
redistribution wirings electrically insulated from the
dummy patterns, wherein the dummy patterns are
located above the antenna and electrically insulated
from the integrated circuait.

15. The structure as claimed 1n claim 14, wherein redis-
tribution circuit structure further comprises stacked dielec-
tric layers, the dummy patterns are disposed over the dielec-
tric stack of the integrated circuit, and the dummy patterns
and the redistribution wirings are embedded 1n the stacked
dielectric layers of the redistribution circuit structure.

16. The structure as claimed in claim 14, wherein the
dummy patterns comprise floated dummy patterns.

17. The structure as claimed in claim 14, wherein the
stacked dielectric layers of the redistribution circuit structure
cover the mnsulating encapsulation and the dielectric stack of
the 1ntegrated circuit.

18. The structure as claimed i1n claim 14, wherein the
dummy patterns are arranged in multiple layers.

19. The structure as claimed in claim 18, wherein the
dummy patterns comprises first dummy patterns arranged 1n
a first layer and second dummy patterns arranged 1n a second
layer, the first layer and the second layer are stacked 1n a
stacking direction, and the first dummy patterns partially
overlap with the second dummy patterns 1n the stacking
direction.

20. The structure as claimed 1n claim 14 further compris-
ing through insulator vias penetrating through the insulating
encapsulation, wherein the through 1nsulator vias is electri-
cally connected to the integrated circuit through the redis-
tribution circuit structure.
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